Cite this article
Introduction
Sugarcane (Saccharum officinarum L.) is the second cash-cum-industrial crop. It is a long duration crop for cultivation which needs about 12-13 months from transplanting to harvest. Sugarcane is a wide spacing crop usually planted at 80 to 120 cm row to row spacing (RRS). For full canopy development it needs 3-5 months and therefore, allows selective short duration intercrops (Hossain, 2003) . Intercropping in sugarcane has long been practiced to get interim monetary return. It is an excellent technique to increase total yield, higher monetary return, greater resource utilization and fulfill the diversified need of farmers (Chowdhury, 2015) . Different intercrops such as potato, mustard, onion, lentil, tomato, garlic, chickpea, coriander etc. has long been intercropping in sugarcane. Generally single intercrop in sugarcane is well practiced in cane growing regions. Inter-cropping in sugarcane generally requires more labor, thereby creating productive employment opportunities and generating higher income. Many studies indicated that inter-cropping with sugarcane increase the grower's net income, create the employment opportunities for landless and owner household families. Intercropping also improves nutritional quality of diet for the farm family (Khan et at., 2005) , allows better control of weeds, increases land equivalent ratio (Imran et al., 2011) and has some beneficial effects on pest and disease control (Abdullah et al., 2006) . However, very little research effort has been made pertaining to input use, seasonal pattern of production and other practices which to be followed by farmers. Very little is known about the cost and return of successive intercrops and its profitability in sugarcane. The factors affecting yield and profitability of sugarcane with different successive intercrops have not been well documented. Wider RRS of sugarcane may be preferred as it reduces the chance of intercrop competition with least effect on cane growth and tillering. Recent report stated that RRS of 120 cm is best for higher growth and yield of sugarcane in AEZ 11 of Bangladesh (Islam and Islam, 2016) . Hence sugarcane need 5-6 months for full canopy growth, two successive selective intercrops cultivation is possible within this period, if judicially managed. Planting of intercrops should be done in between RRS critically to avoid undue competition. When different crops are grown together, the productivity of sugarcane enhances ultimately due to better use of resources and complementary effect of different crops. Following an experiment, Verma et al. (1986) reported that sugarcane cultivation with potato as intercrop at different row spacing neither affected yield of cane nor of potato. Sugarcane+potato+vegetable (amaranth) was profitable followed by sugarcane+onion (Imam et al., 1982) . In respect of land use efficiency sugarcane+potato+onion was found to be the best combination (Rahman et al., 1994) . In intercropping, each crop must have adequate space to maximize cooperation and minimize competition between them. Thus four things such as spatial arrangement, density, maturity date of the crops being grown and plant architecture should be considered.
Sugarcane is a C 4 plant and can utilize higher solar energy for photosynthesis than C 3 plant. Higher light intensity and long duration promote the number of tiller production in sugarcane while cloudy and shorter daylength affects it adversely. Narrow vacant spaces in between two sugarcane rows affects light interception resulting higher level of shading on intercrop especially on second intercrop and affect photosynthesis. To get proper lighting for growth and yield of second intercrop it is needed to maintain wider row spacing to pass required solar radiation for proper photosynthesis (Miah et al., 2002) . Therefore, selection of successive intercrop is an important factor for a sugarcane variety. Very less effort was given to select the most suitable intercrop combination(s) for higher production and economic return from sugarcane and two successive intercrops which may be reproducible in an agro-ecological zone. Considering the gap the present research was planned.
Materials and Methods
The experiment was conducted at Bangladesh Sugarcane Research Institute (BSRI) farm, Ishurdi, Pabna, Bangladesh in 2008 -2009 and repeated in 2009 -2010 In 2008-2009 cropping season, the experiment was conducted with two factorial treatments. As treatment RRS of sugarcane were 80 cm, 100 cm and 120 cm with 1, 2 and 3 rows (R) of potato, respectively (in first intercrop) and followed by mungbean (2 nd intercrop) after harvesting potato. Another treatment was bended leaf cutting at middle and leaf non-cutting (control) of sugarcane. All experiments conducted in the first year were repeated in the second year (2009) (2010) with same treatments and cultivation methods.
Experimental design
The two-factorial experiment was laid out in a Randomized Complete Block Design (RCBD), where each treatment replicated thrice. The unit plot size was 8 m × 6 mwhich separated by 1.0 m border. Total number of unit plot was 24 in the experiment.
Factors A (Row to row spacing of sugarcane and number of row of intercrops) S 1 = Sugarcane RRS 80 cm + 1R of 1 st intercrop followed by 1R of 2 nd intercrop. S 2 = Sugarcane RRS 100 cm + 2R of 1 st intercrop followed by 2R of 2 nd intercrop S 3 = Sugarcane RRS 120 cm + 3R of 1 st intercrop followed by 3R of 2 nd intercrop S 4 = Sole sugarcane RRS 100 cm (farmers practice). For sugarcane full doses of TSP, Gypsum, ZnSo 4 and onethird of MoP were mixed with soil in trench during land preparation. Urea was top dressed at 21, 90 and 150 DAT @ of 1/3 rd of total dose. For potato total amount of TSP, Gypsum and half urea and half MoP were mixed to furrow soil as basal dose. The remaining 50% urea and MoP were side dressed in two equal splits at 25 and 45 DAT during first and second earthing-up . For mungbean all fertilizers were applied at basal dose at time of sowing (Rahman et al. 2008) .
Sugarcane settlings of 45 days old earlier grown in polybag were transplanted in trenches at 45 cm plant to plant spacing (PPS) in second week of November in both the year. Potato seed tubers were sown at same day between RRS. The second intercrop mungbean seeds were sown in first week of March following harvest of potato. The seed rate of potato tubers and mungbean were 0.75 t ha -1 and 10 kg ha -1 , respectively. While these 431 were 1.5 t ha -1 and 25 kg ha -1 as sole crop. After transplanting of the settlings irrigation (about 10 cm) was given in trenches. Supplementary irrigation was done at 30, 60, 90 and 120 DAT. Dead settling were replaced by healthy settlings within 15 days after transplanting. Following each irrigation surface soil of tranches were mulches manually with a khupri. The plots were kept weed free from up to 135 DAT. Earthenup and tying of sugarcane were done after 140 days of plantation to protect the cane stalks from lodging or damage by wind during the period from July to September. Pest management and disease controls were done on following the recommend of Alamet al., 1990. During trench preparing Chlorpyrifos (Regent 3 GR) was applied in the trenches @ 33 kg ha -1 to control termite and Carbofuran (Furadan 5G) was applied as a preventive measure against borers at 90 and 150 days (two time) after planting @ 40 kg ha -1 for each time. No disease infestation was observed in sugarcane and intercrop during cultivation.
Leaf cutting
Only bending leaves at bending position (middle) of sugarcane were cut (about 20% leaf) to minimize light interception. Leaves cutting of sugarcane were done 3 times with 21 day interval of seed sowing of second intercrop.
Data collection
For sugarcane data on cane yield, brix (%), pol (%) cane, purity (%) of juice, recovery (%) and sugar yield were collected in different days were collected and presented in respective Tables under results and discussion. Similarly data on yield of intercrops and % light interception (measured by a 660/730. Red: Far red measuring system; SKR 110/100 Skys Instruments Ltd. Powys, U.K.) were collected, analyzed and presented in respective Tables.
Light interception
Light interception was calculated according to the following formula: (Szeicz et al., 1964) Where, I = Light intensity received at the ground level I 0 = Light intensity received just above the crop canopy
Equivalent cane yield of intercrops (ECY):
Yield of intercrops was converted into equivalent cane yield on the basis of prevailing market price and calculated following formula of Bandyopadhyay (1984) .
Adjusted cane yield (ACY):
Adjusted cane yield was calculated by adding equivalent cane yield of intercrops with the yield of sole sugarcane crop. 
Statistical analysis
The analysis of variance for different parameters was performed and means differences were compared by Duncan's Multiple Range Test (DMRT) using program MSTAT-C (Russel, 1986) .
Results

Cane yield
Cane yield varied significantly with varied RRS of sugarcane under successive intercropping. The highest cane yield was in S 2 (Table 1 ) and in S 2 C 0 (sugarcane RRS 100 cm + 2R potato-2R mungbean with noncutting leaf of sugarcane), which was statistically at par with S 3 C 0 (sugarcane RRS 120 cm + 3R potato-3R mungbean), S 3 C 1 (sugarcane RRS 120 cm + 3R potato-3R mungbean with leaf cutting of sugarcane), S 4 C 1 and S 4 C 0 . The lowest one was in S 1 C 1 (sugarcane RRS 80 cm + 1R potato -1R mungbean) in both the seasons (Table  3 ).The data also indicate that leaf non-cutting and cutting had no significant effect on yield of sugarcane ( Table 2 ). The highest cane yield (97.62 t ha -1 ) was obtained in S 2 C 0 and the lowest one was (86.47 t ha -1 ) in S 1 C 1 .
Yield of first intercrop potato
Yield of potato (first intercrop) varied significantly due to different RRS of sugarcane compared to sole potato. Data on interaction of RRS and leaf non-cutting (C 0 ) and leaf cutting (C 1 ) of sugarcane revealed that the highest potato tuber yield was 15.28 t ha -1 in S 5 (sole potato) followed by 10.85 in S 3 C 1 (sugarcane RRS 120 cm + 3R potato-3R mungbean with C 1 ) and the lowest one was 7.79 t ha -1 in S 1 C 1 (sugarcane RRS 80 cm + 1R potato-1R mungbean with C 1 ) in first year (Table 3) . Similar production was obtained in second year. Light interception (%) was insignificant in all spacing treatment on growth of potato in both the years (Table 4) . It indicates that sugarcane canopy did not compete to intercrop for light and therefore, yield of both crop remained unaffected at least for light. At 75 DAS light interception was 1.29 -1.89. 
Yield of second intercrop mungbean
Yield of mungbean as second intercrop with sugarcane varied significantly due to RRS and C 0 or C 1 of main crop sugarcane. The highest yield of mungbean was at S 3 C 1 where 3R of mungbean was produced in 120 cm rows spacing of sugarcane. The yield of mungbean was significantly lower to that of yield in sole crop. The lowest yield of mungbean was observed in S 1 C 0 (Table 3) . The highest light interception (%) was obtained in S 1 C 0 and the lowest was at S 3 C 1 in both the years ( Fig. 1, 2) . The light interception affected mungbean yield significantly. The interception of light gradually increased with increase of days after sowing of mungbean in both the years ( Fig. 1, 2) . A negative correlation between light interception (%) and grain yield of mungbean at 75 DAS was observed. Mungbean yield and light interception (%) is presented in Figure 3 by the equation, Y= -0.017x + 1.351 (R²=0.80), which indicate that mungbean yield can be increased at the rate of 0.80 (t ha -1 ) with the decrease in light interception (%) from 75 DAS. Similar relationship was observed in 2009-2010 (Fig.4) .
Brix (%), pol % cane, purity (%) and recovery (%)
Brix %, the measurement of the ratio of the mass of dissolved sugar was not affected by RRS and leaf-cutting and non-cutting in sugarcane cultivated with potato and mungbean as successive intercrops (Table 5 ). The interaction table shows that the range of brix (%) was 20.2 -20.8% in 2008-2009 and almost similar was in next year. As brix is important for sugar yield, it indicates that spacing variation and intercropping did not affect sugar content in juice of sugarcane. Similarly pol % cane, purity % and recovery %, the important factors of total sugar yield of sugarcane were remained unaffected with various RRS of sugarcane cultivated with potato and mungbean as intercrops (Table 5 ). In 2008-2009, range of pole % cane, purity %, and recovery % were ranged from 14.34-14.91, 89.89-90.73 and 11.14-11.64%, respectively and were almost similar in 2009-2010.
Sugar yield
Sugar yield was significantly affected by RRS under successive intercropping of potato and mungbean. The highest sugar yield (11.15 t ha -1 ) was observed in S 2 C 0 (sugarcane RRS 100 cm + 2R potato-2 R mungbean under non-cutting leaf) and the lowest one (9.63 t ha -1 ) was in S 1 C 1 (sugarcane RRS 80 cm + 1R potato-1R mungbean under leaf-cutting). Similar yield of sugar was obtained in S 4 C 0, the sole sugarcane under leaf non-cutting. Higher sugar yield in S 2 C 0 might be due to higher cane yield under double row of intercrops (Table 6 ). Similar sugar yield was observed in next season.
Equivalent and adjusted cane yield of intercrops
The highest equivalent cane yield of intercrops was 86.41 t ha -1 in S 5 (sole potato) followed by 79.68 t ha -1 in S 3 C 1 (sugarcane RRS 120 cm + 3R potato-3R mungbean with LC) and the lowest 29.01 t ha -1 in S 6 (sole mungbean) during [2008] [2009] (Table 7) . Almost similar result was observed in next year. The highest adjusted cane yield (where sugarcane yield + equivalent cane yield of two intercrops were considered) was 170.66 t ha -1 recorded from S 3 C 1 and the lowest was 29.01 t ha -1 obtained in S 6 (sole mungbean) in both the years (Table 6) . , respectively in S 3 C 1 and S 6 (sole mungbean), in the same year (Table 5) . However, the highest gross margin income was Tk. 215521.73 ha -1 obtained from the S 3 C 1 and the lowest one Tk. 148572.34 ha -1 was in S 1 C 0. Almost similar trend was observed in the next year for cost, return and margin (Table 7) .
Cultivation cost and return
Benefit cost ratio
The interactions of RRS and LC or NLC on benefit cost ratio (BCR) shows (Table 7) that the highest benefit cost ratio (BCR) was 3.49 in S 3 C 1, followed by S 3 C 0 and the lowest one (2.16) in S 4 C 1. Similar trend was observed in the next year except in lowest BCR in S 5 (sole potato), where market price was lower.
Land equivalent ratio
Land equivalent ratio (LER), an important parameter for determining the adoption or rejection of intercrop or mixed cropby farmers is revealed (Table 7) that the highest value 2.33 was in S 3 C 1 and the lowest one 1.62 in S 1 C 0. Similar trend was observed in 2009-2010. The LER value greater than 1.0 indicated the yield advantages of the component crops in intercropping system compared to their sole cropping. 
Discussion
Sugarcane is a long duration crop which gives net economic return after one year. Farmers cultivating sugarcane in Bangladesh are almost small and marginal. Without interim return it is difficult to sustain sugarcane cultivation in Bangladesh. Intercrop cultivation with sugarcane is only way to get interim return. The present research indicate that two successive short duration intercrops can be grown with sugarcane for getting interim and higher economic return. Selection of intercrop with sugarcane, spacing adjustment and management practices of crops are important issues in getting higher return. In different sugarcane producing areas different intercrops were reported profitable. Although intercrop with sugarcane of an area depends on farmer knowhow (traditional), available facilities, local market demand, environmental factors etc., research result based intercrop selection, suitable spacing adjustment to sugarcane and cost saving but effective management practices are key determinant for intercropping in an AEZ, which might ensure higher return income and profitability of farmers. It was reported that khira (Cucumis sativus) as intercrop with sugarcane in AEZ3 enhanced return income of farmers distinctly (Kashem et al., 2009) . Other reports showed different intercrops with sugarcane were profitable (Alam, et al., 1915 , Ganapati, 2015 . Most of those reports were on paired row sugarcane intercropped with different short duration crops. Almost all reports indicated that the selection of suitable intercrop and their spacing with sugarcane was the important factor for interim return as well as profitable sugarcane cultivation. In present experiment the yield of sugarcane and intercrops varied differently depending on spacing without changing cane qualities. The profitable intercropping with sugarcane is calculated by depending on gross return, gross margin, benefit cost ratio (BCR) as well as land equivalent ratio (LER). Land equivalent ratio (LER), benefit cost ratio (BCR) and monetary advantage index (MAI) are used to assess the productivity and its economic benefits (Matusso, et al. 2012) . BCR and LER are two important determining factors in crop production (Mead and Willey, 1980) . Higher LER provide higher economic return to growers (Razzaque et al. 2007) . Although the sugar yield of main crop sugarcane was significantly highest at S 2 C 0 in present experiment (Table 6 ),the highest gross return, gross margin and BCR were obtained at S 3 C 1 where RRS of sugarcane was 120 cm with 3 rows of potato (as first intercrop) and followed by 3 rows of mungbean (as second intercrop) under leaf cutting of sugarcane. The most important factor LER was distinctly higher under 120 cm RRS of sugarcane both in leaf cutting and nonleaf cutting of sugarcane, where 3 rows of potato was cultivated as first intercrop and followed by 3 rows of mungbean as second intercrop with sugarcane.
Being long duration exhaustive crop sugarcane caused soil fertility decrease (Tiwana et al., 1999) .Intercropping protect soil from fertility decrease of soil and also improve soil health (Alam et al., 2015) . Therefore, it is also a profit to be considered, where next crop will be benefited economically with intercrops compared to sole crop. Intercropping legumes with sugarcane could be an option to maintain soil fertility. In consequential intercropping with sugarcane it will be better to consider a leguminous crop for better soil health. Summer mungbean could be grown as second intercrop after harvesting mustard/soybean and the plant biomass could be incorporated in between the cane rows for improving soil fertility (Hossain et al., 1995) . Furthermore, intercropping is helpful to control weed infestation, reduces pest disease infestation, gives yield advantage and there is stable yield over time and improves nutritional quality of diet for the farm family (Ibeawuchi, 2007) . Intercropping provides insurance against crop failure and/or better avenue of employment for the rural people (Bandyopadhyay, et al., 1984) . Introducing this double intercropping might play a wonderful role in providing interim return. Thus it is a sustainable way of sugarcane popularization in AEZ 11 of Bangladesh.
Conclusion
In light of above discussion, it may be concluded that there is a scope to increase potato and mungbeen production by adapting as first and second intercrop with sugarcane. Sugarcane cultivation at row to row spacing of 120 cm by leaf cutting with 3 row potato as first intercrop and followed by 3 rows of mungbean may be recommended for higher net return and profitability in AEZ 11 of Bangladesh. Quality of cane remained similar to that of sugarcane sole cultivation.
